Updated information and services can be found at: IMMUNITY, Nov. 1996, p. 4598-4605 Vol. 64, No. 11 0019-9567/96/$04.00ϩ0 Copyright ᭧ 1996 Helicobacter pylori is an important human pathogen causing chronic gastritis (30) which may lead to peptic ulcer disease (31), gastric adenocarcinoma (37, 39), or gastric lymphoma (57). Although H. pylori infection induces strong local and systemic immune responses (43, 58), these are insufficient for eliminating the pathogen, since it persists for life in most hosts. Its localization in the gastric lumen permits H. pylori to reduce the influence of host phagocytes, antibodies, and complement, whereas other bacterial features, including motility, superoxide dismutase, and catalase activity further protect against the immune response.
Helicobacter pylori is an important human pathogen causing chronic gastritis (30) which may lead to peptic ulcer disease (31) , gastric adenocarcinoma (37, 39) , or gastric lymphoma (57) . Although H. pylori infection induces strong local and systemic immune responses (43, 58) , these are insufficient for eliminating the pathogen, since it persists for life in most hosts. Its localization in the gastric lumen permits H. pylori to reduce the influence of host phagocytes, antibodies, and complement, whereas other bacterial features, including motility, superoxide dismutase, and catalase activity further protect against the immune response.
Microbial expression of host antigens is another mechanism to escape elimination by the immune response. For example, Neisseria gonorrhoeae lipopolysaccharides (LPS) resemble host glycolipids of the paragloboside group (28) , and LPS epitopes can be modified by sialylation with cytidine monophospho-Nacetylneuraminic acid present in human blood (29) . Campylobacter jejuni LPS has structural similarity with glycosphingolipids of the ganglioside group (4) . Several gram-negative bacteria can express human AB0-blood group antigens (49) , Streptococcus bovis expresses sialyl-Lewis x (sialyl-Le x ) (21) , and ova of Schistosoma mansoni and adult worms express Le x as antigen (24, 51) .
Aspinall and colleagues showed that the O-antigen regions of the LPS purified from four H. pylori strains contained partially fucosylated N-acetyllactosaminoglycan chains terminated by a Lewis type 2 immunodeterminant, either Lewis x (Le x ) or Lewis y (Le y ) (3, (5) (6) (7) . Using immunoelectron microscopy and enzyme-linked immunosorbent assaying (ELISA), Sherburne and colleagues (11, 48) have confirmed the presence of Le x in seven H. pylori strains. Recently, Appelmelk and colleagues pointed to a possible pathogenic role of anti-Le antibodies in H. pylori-induced gastritis (2) . The aims of the present study were to characterize the expression of Le antigens in H. pylori and to assess whether this expression is related to features of the infection or to particular H. pylori genotypes.
albumin (BSA) in 0.1 M phosphate-buffered saline (PBS; pH 7.4). Subsequently, the wells were incubated for 1 h at room temperature with 100 l of PBS with 1% BSA and mouse monoclonal antibodies (MAbs) ( GlcNAc␤133Gal␤134Glc-3CSpacer-NH-BSA; lacto-N-fucopentaose III-BSA) (V-LABS, Inc., Covington, La.) and exposed to the primary MAbs.
ELISAs for the cagA product (CagA) and the vacuolating cytotoxin (VacA) of H. pylori were performed as described previously (13, 23) .
ELISA with sodium metaperiodate-treated whole cells. In a modification of the ELISA, wells were coated with whole-cell suspensions of E. coli HB101, H. pylori reference strains P466 and C1, or isolates CPY3401, J182, J174, HPK1, 88-22, and M-8037 and were blocked with 2% BSA in PBS. Before incubation with the primary antibody (anti-Le x or anti-Le y ), the cells were exposed for 1 h at room temperature in the dark to 50 mM sodium acetate (pH 4.5) alone (control) or containing 10 mM sodium metaperiodate. As additional controls, the sodium metaperiodate oxidizing procedure was carried out on cells of H. pylori P466, C1, and CPY3401, with subsequent detection of CagA and VacA by ELISA. The ODU values for wells coated with E. coli (HB101) whole-cell suspensions of equal protein concentrations were subtracted to correct for nonspecific antibody binding.
Determination of Le x and Le y of H. pylori whole cells after saline washing. Cells of H. pylori isolate CPY3401 were harvested as described above and centrifuged for 10 min at 3,000 ϫ g at 4ЊC, the pellet was resuspended in 0.15 M NaCl by vigorous vortex mixing, and the cells were centrifuged again. The washing procedure was repeated six times, and aliquots of each pellet and each supernatant were saved for Le x and Le y determinations by ELISA, as described above. The coating concentration of the cell pellets was standardized according to protein concentrations as described above, and supernatants were diluted 100-to 2,000-fold prior to assay.
Determination of Le x and Le y in crude membrane preparations of H. pylori. Cells of H. pylori reference strains P466 and C1 were harvested and centrifuged twice as described above, and pellets were resuspended in distilled water. For further disruption, the cells were sonicated (Braun SonicU, Braun, Germany) three times for 30 s with 15-s intervals on ice. After centrifugation for 10 min at 5,000 ϫ g at 4ЊC to remove intact cells and large cell fragments, the supernatant was subjected to centrifugation at 100,000 ϫ g for 90 min at 4ЊC. The resulting supernatant, representing the cytoplasmic fraction, was removed, and the pellet representing the crude membrane fraction (50) was resuspended in distilled water. The amounts of protein in all fractions were determined by the bicinchoninic acid assay, and Le x and Le y amounts were determined by ELISA, as described above.
SDS-PAGE and immunoblotting. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) with H. pylori (or E. coli HB101) whole-cell preparations was done as described elsewhere (9) . After treatment with proteinase K (50 g/200 g of protein of the cell suspension) for 1 h at 60ЊC, aliquots originally corresponding to 0.5 to 30 g of protein per lane were electrophoresed at 100 V, with a stacking gel of 3% acrylamide and a separating gel of 10% acrylamide (22) . After SDS-PAGE, the gels were fixed and LPS was detected by silver staining (52 (53) . DNA was purified by chloroform extraction and was concentrated by isopropanol precipitation. Oligonucleotide primers (23, 25, 53, 54) were synthesized with a 392 DNA synthesizer (ABI, Foster City, Calif.). PCR for ureA (positions 2659 to 2678, 5Ј-ATGAAACTCACCCCAAAAGA-3Ј; 3281 to 3261, 5Ј-TTGTCTGCTTGTCTATCAACC-3Ј), cagA (1170 to 1191, 5Ј-GATAACGCTGTCGCTTCATACG-3Ј; 1578 to 1557, 5Ј-CTGCAAAAGATT GTTTGGCAGA-3Ј), and picB (1327 to 1341, 5Ј-TGTTTGGTTTCCCTG-3Ј; 2663 to 2649, 5Ј-ACGCATTCCTTAACG-3Ј) utilized reaction conditions of 94ЊC for 1 min, 50ЊC for 2 min, 72ЊC for 2 min with 35 amplification cycles, and the products were analyzed by ethidium bromide agarose gel electrophoresis. By PCR, all isolates studied had ureA present, and picB and cagA statuses were completely concordant, as expected (54) . Isogenic mutants of cagA ϩ H. pylori isolate CPY3401 were created as described elsewhere (23 ). Colony hybridization for cagA was performed as previously described (53) . A 408-bp PCR product from cagA was labelled with 32 P by using the random-primed DNA labelling kit (Boehringer Mannheim). Both bacterial whole cells and extracted chromosomal DNA UV cross-linked to Protran BA85 nitrocellulose membranes were used; E. coli HB101 served as a negative control.
Statistics. Results were expressed as means Ϯ standard errors of the means (SEM). Proportions were compared by using the 2 test with Yates' correction or Fisher's exact test, when appropriate. Distributions of ODs were compared by using Student's t test for comparison of means of independent samples. All P values were calculated for two-tailed significance levels, and values of Ͻ0.05 were considered significant. y , respectively, after one to six washes) and the Le y -to-Le x ratio for the cells remained unchanged (0.63 to 0.71), indicating similar resistance of both determinants to the washing procedure. Interestingly, detection of the Le antigens was enhanced after three washes, in agreement with the removal of cellular components that blocked antibody recognition in the native cells. That supernatants showed progressively less antigen in successive washes indicates the stability of the antigen in the cellular fraction. Third, in a crude membrane preparation of H. pylori cells after osmotic and ultrasound disruption of the cells and ultracentrifugation, the Le-to-protein ratios were significantly higher than those of the initial sonicate and the cytosolic fraction. For H. pylori Le x reference strain C1 after ultracentrifugation, Le x was 8.46-fold more concentrated in the pellet than in the supernatant. The pelletto-supernatant ratio for H. pylori Le y reference strain P466 after ultracentrifugation was 6.81. Fourth, neither boiling in SDS nor proteinase K digestion of H. pylori whole cells destroyed the immunodetection of the Le x (in strain C1) and the Le y (in strains P466 and MO19) antigens. Both Le x -and Le ycarrying H. pylori determinants migrated chiefly at approximately 30 kDa ( Fig. 2A and B Fig. 3A and B) . On the basis of the distribution of the values in ELISA, a cutoff ODU of Ն100 was selected to reflect positivity. With this cutoff, 46 (49%) isolates were positive for both Le x and Le y , 10 isolates were positive for Le x only, 24 isolates were positive for Le y only, and 14 (15%) isolates were negative for both determinants. Therefore, 85% of the H. Le expression in wild-type CPY3401 and isogenic mutants. To determine whether cagA status was a marker of a cell lineage that correlated with Le expression or whether the cagA product had a role in this expression, we created a series of isogenic mutants of wild-type isolate CPY3401, which is a high-level expressor of Le x and Le y . Isogenic mutants 3401A Ϫ , 3401B
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Ϫ , and 3401U Ϫ were created by insertion of a promotorless xylE-kanamycin cassette into cagA, picB, or ureA, respectively, of isolate CPY3401, as described. Mutant 3401A Ϫ had a diminished (47%) level of expression of Le y (533 Ϯ 121 ODU) compared with that of the wild-type isolate (1,136 Ϯ 113 ODU; P Ͻ 0.01) and those of mutants 3401B
Ϫ and 3401U Ϫ (Fig. 4) 
DISCUSSION
Our findings confirm the presence of Le antigens in the LPS of H. pylori cells (2, 6, 48) and extend our understanding of their characteristics. First, we showed that most (85%) but not all of a large series of H. pylori isolates obtained from different parts of the world express more that minimal amounts of either Le x or Le y and that nearly half (49%) express both. Second, we established a quantitative assay and showed that the expression characteristics were stable under a variety of growth conditions. For three of the four reference strains for which structure had been previously analyzed (3, 5) , our results were completely consistent. The discrepancy for the fourth strain (NCTC11637) may reflect the presence of a mixed population in the initial culture, as suggested by previous immunoelectron microscopic analysis (48) , or the transition of the LPS to a rough form, as suggested by electrophoretic analysis (34, 48 x . Fourth, we demonstrated that Le expression is related to other H. pylori strain characteristics. One reason that no Le determinants are detected in some isolates could be that the antibodies we used may not be fully sensitive, as was previously described for H. pylori (2) . This is a limitation of all studies with MAbs to define cellular antigens that may be diverse. Use of a wider panel of antibodies may permit greater detection of Le determinants.
That most H. pylori isolates express Le antigens is unlikely to be accidental. Schistosoma mansoni, another microbe that causes persistent infections in which most infected persons remain without clinical consequences, expresses Le x antigen on both the surface of adult worms and on ova (24, 51) . Le x antigen expression by S. mansoni appears to both downregulate the T helper 1 cell response (56) (17) . Cross-linking of CD15 on granulocytes induces CD11b upregulation, and both CD11b and CD11c act as complement receptors and adhesion molecules. Lack of activation is consistent with the low level of proinflammatory activity of H. pylori LPS and is possibly related to the expression of CD15 (Le x antigen) and other host Le determinants by H. pylori. Conversely, Le expression by H. pylori could lead to autoimmunity against host cells expressing similar antigens (2) . Since Le expression is altered in epithelial cells that have undergone malignant transformation (1, 20, 46) , specific Le expression by H. pylori should be explored in gastric neoplasia, which may follow prolonged H. pylori infection (33) .
Le expression appears more common among isolates from patients who have ulcer disease than from those without the disease. Since ulcer risk has been previously associated with H. pylori strain characteristics (12, 15, 53) , it was not surprising to find an association of Le expression with both cagA and vacA genotypes. This linkage may merely reflect common ancestry or could suggest natural selection of strains with particular phenotypic characteristics. Wild-type cagA strains lack a 30-to 40-kb region (26) that has been called the cag pathogenicity island. That ablation of cagA, but not the adjacent picB, which also is part of this island, or the highly conserved ureA, reduced Le y expression suggests that the cagA product, a hydrophilic, highly basic, immunogenic, and surface-exposed high-molecular-mass molecule (12, 53) , specifically affects either Le y expression or localization on the cell surface. The basis for the specificity of its role in Le y but not Le x expression is not currently understood. Since cagA ϩ strains induce more inflammation than do cagA strains (14, 36, 40) , and assuming that persistence increases opportunities for transmission to new For most gram-negative bacteria, the terminal components of the LPS polysaccharide side chains usually show the greatest diversity (45) . That H. pylori strains express a small number of terminal antigens on their LPS has several implications. First, that host cell (Le) antigens are present suggests selection of H. pylori strains possessing these attributes and implies a long coevolutionary history. Second, the limited number of antigens detected suggests that as a species, H. pylori may not need to generate substantial antigenic diversity in order to survive the host immune response, perhaps because of its residence in the gastric lumen, in which immune mechanisms are not optimally effective. Third, the selection in H. pylori for cellular antigens that exist as allelic variants in their hosts suggests that strains expressing particular phenotypes may be best adapted to hosts of particular genotypes. Such selection could reflect the ability of H. pylori to adhere to the gastric epithelium or to minimize neutrophil activation, among other possibilities.
